The electron-transfer site of spinach plastocyanin.
Two sites for electron transfer have been proposed for plastocyanin: one near the copper ion and the other close to the acid patch formed by residues 42-45. Calculations of electrostatic properties of spinach plastocyanin and ionic strength dependences of electron-transfer reactions of this protein have been used to distinguish between these two sites. Calculations show that the electric potential field of spinach plastocyanin is highly asymmetric and that the protein has a dipole moment of 360 D. The negative end of the dipole axis emerges between the negative patches formed by residues 42-45, which is though to be the cation binding site, and residues 59-61. The angles between the dipole vector and vectors from the center of mass to the copper ion and to the acid patch are 90 degrees and 30 degrees, respectively. The angle between the dipole vector and a line from the center of mass to the site of electron transfer is evaluated from the ionic strength dependence of electron-transfer rates at pH 7.8 with the help of equations developed by Van Leeuwen et al. [van Leeuwen, J.W., Mofers, F.J.M., & Veerman, E.C.I. (1981) Biochim. Biophys. Acta 635, 434] and Van Leeuwen [van Leeuwen, J.W. (1983) Biochim. Biophys. Acta 743, 408]. The angles found are 85 degrees, 110 degrees, and 75 +/- 15 degrees for reactions with tris(1,10-phenanthroline)cobalt(III), hexacyanoferrate(III), and ferrocytochrome c, respectively. The electric potential field calculations suggest that the hexacyanoferrate(III) interaction angle corresponds to a unique site of minimum repulsion at the hydrophobic region of the protein surface, close to the copper ion.(ABSTRACT TRUNCATED AT 250 WORDS)